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SystemsAbstract Interest has increased over the last several years in using different methods for treating
sewage. The rapid population growth in developing countries (Egypt, for example, with a popula-
tion of more than 87 millions) has created signiﬁcant sewage disposal problems. There is therefore a
growing need for sewage treatment solutions with low energy requirements and using indigenous
materials and skills. Gravel Bed Hydroponics (GBH) as a constructed wetland system for sewage
treatment has been proved effective for sewage treatment in several Egyptian villages. The system
provided an excellent environment for a wide range of species of ciliates (23 species) and these
organisms were potentially very useful as biological indicators for various saprobic conditions.
Moreover, the ciliates provided excellent means for estimating the efﬁciency of the system for
sewage puriﬁcation. Results afﬁrmed the ability of this system to produce high quality efﬂuent with
sufﬁcient microbial reduction to enable the production of irrigation quality water.
ª 2014 Production and hosting by Elsevier B.V. on behalf of King Saud University.1. Introduction
Water is more critical than energy, as we have alternative
sources of energy, but with water there is no other choice.
Thus, it is necessary to ﬁnd ecologically sound ways to recycle
valuable resources like wastewater and at the same time have
an alternative agricultural crop production. Agricultural land
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situation, wastewater components are used productively to
supply crop growth with nutrients (Dewedar et al., 2005;
Roushdi et al., 2012). The main problem with wastewater uti-
lization for irrigation in agriculture, apart from the possibility
of it containing hazardous constituents, such as trace elements
and organic compounds, is the risk of polluting groundwater.
Furthermore, wastewater used on farming land increases the
possibilities of damaging the productivity of the soils in the
long run.
The growth of non-food crops in a closed hydroponic sys-
tem, using wastewater as nutrient solution, could solve in an
ecologically acceptable way the domestic wastewater problem
in the developing countries and in the meantime produce
biofuels, or other products useful for the industry (Mavrogia-
nopoulos et al., 2002).
Constructed wetlands are a sewage technology which is
appropriate for developing countries (Butler et al., 1988; Butler
and Dewedar, 1991). Such systems have low energy and main-
tenance requirements (Williams et al., 1999). In addition, oper-
ating skills tend to be similar to those required for agriculture
and irrigation, unlike the technically demanding control and
maintenance requirements of conventional sewage treatment
plants, which can pose problems in many locations. In devel-
oping countries there are also concerns about the public health
implications of relatively unrestricted efﬂuent disposal and re-
use. The main objective in wastewater treatment, therefore, is
often the removal of potentially pathogenic microorganisms
(WHO, 1989).
Gravel Bed Hydroponics (GBH) engineered ecosystems
consist of sloping channels lined with an impermeable
membrane and ﬁlled with gravel or an equivalent aggregate
to provide a matrix in which hydrophytes are then planted
(Butler et al., 1988; Dewedar et al., 2005). Feed water is intro-
duced at the top of the bed ﬂows through the aggregate to
emerge downstream as a ﬁnal efﬂuent.
It has been proposed that pathogen removal within gravel
ﬁlled wetlands occurs through a variety of mechanisms:
adsorption, sedimentation, ﬁltration predation and inactiva-
tion due to environmental stresses. Previously mentioned
mechanisms are all thought to have a role in the process of
removing pathogens from wastewater being treated by the
Gravel Bed Hydroponics System (Gersberg et al., 1989; Wil-
liams et al., 1995; Mavrogianopoulos et al., 2002; Shalaby
et al., 2008).
Ciliates are organisms that can use the predation mecha-
nism for pathogen removal from the Gravel Bed Hydroponics
System. Moreover ciliates are organisms that are used to iden-
tify the saprobic level of a water body (Madoni, 1994). This is
because certain saprobic organisms/ciliates can live in certain
condition (polluted and less polluted and unpolluted) water.
However the lack of information concerning the role of ciliated
protozoa in improving and/or estimating the saprobic condi-
tion of the domestic wastewater being treated using Gravel
Bed Hydroponics System is very regrettable.
In view of the lack of detailed information on the ciliated
Protozoa from GBH systems, this study was made to (1) char-
acterize the ciliate species present in such systems used for sew-
age treatment, (2) describe the distributional pattern of ciliated
Protozoa within GBH systems, (3) explain the importance of
ciliate organisms in raising the biological efﬁciency of the pilot
system used for sewage puriﬁcation in Ismailia.2. Material and methods
2.1. Gravel Bed Hydroponics System (GBH)
The Gravel Bed Hydroponics System is a type of system used
for sewage treatment, especially for secondary or tertiary treat-
ment of sewage efﬂuent (Butler et al., 1988; Dewedar et al.,
2005). Fig. 1 shows the details of the GBH system established
at Abu-Attwa in Ismailia city which lies on the Northeastern
side of Egypt along the Western bank of the Suez Canal. It
consists of two series of inclined ﬁlled beds lined with an
impermeable membrane. The ﬁrst series comprises of 6 beds
planted with the common reed. Each bed in this series is
100 m long; except the ﬁrst two (50 m each); 2 m wide;
300 mm deep; except the ﬁrst two (600 mm each) and with a
slope of 1 in 50–1 in 100. The second series is similar in its con-
struction to the ﬁrst, except that the beds are 40 m long,
150 mm deep and with a gradient of 1 in 50. All in all these
six beds of the latter series were planted with crops except
bed number three which was unplanted and kept as control.
Crop Beds 1 and 2 were planted with Napier Grass. Crop Beds
4, 5 and 6 were planted with summer crops (e.g. Cotton, Sun-
ﬂower, Sorghum, Beans), then with winter crops: (Sugar Beat,
Maize and Beans).
Field scale trials of GBH systems have been applied to the
treatment of domestic wastewaters in three different villages in
Egypt for some ﬁfteen years (Abu-Attwa, El-Takadom, and
Samaha). During this period an extensive database of physical
and chemical treatment information has been established.
This study will focus on the ﬁeld scale trail based at Abu-
Attwa in Ismailia city, as a joint project between Suez Canal
University and Portsmouth University. The types of system
employed at Abu-Attwa have been discussed by many authors
(Butler and Dewedar, 1991; Stott et al., 1997; Dewedar et al.,
2005).
2.2. Sample collection and examination
Sampling was carried out from six different sites in the GBH
system vise: the system inlet, and the outlets of the following
beds: Read Bed 2 and, 4 and Crop Beds 2, 3 and 6. These sites
were chosen to represent as wide a range of different condi-
tions as possible. Samples were collected from each bed on
the same day and in the same sequence between 9.00 h and
11.00 h. Sixty samples (10 from each site) were collected during
this study through ten visits. In each visit 300 ml samples were
collected from each of the previously mentioned six sites in the
GBH system. The samples were taken directly to the labora-
tory, where a volume of 200 ml from each sample was ﬁxed
using lugol’s iodine 1% ﬁnal concentration. The live ciliates
in sub-samples of 100 ml volume from each sample were
counted in a Borgrov counting chamber within 2 h of return
to the laboratory. The number of live ciliates in the chamber
was counted under a stereo microscope ‘‘Krowa optical’’,
model SDZ-PL at a magniﬁcation of 14· – 90·. Live counts
were repeated 5 times per sample. The ﬁxed ciliates were con-
centrated by passing them through a ﬁne meshed plankton net
of mesh size 20 um and counted using an ‘‘ Biovert’’ Inverted
Transmitted Light Microscope model ‘‘115 US DMT 7’’ at a
magniﬁcation of 400·. The morphology of the ciliates was
studied on Protargol stained specimens (Tuffrau, 1967). Many
Figure 1 Gravel Bed Hydroponics System constructed at Abu-Attwa, Ismailia, Egypt.
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1966; Corliss, 1979; Curds, 1982; Small and Lynn, 1985;
Sleigh, 1989).
Biochemical oxygen demand (BOD) was determined
according to the standard methods for the examination of
water and wastewater (APHA, 1992).
2.3. Association ratings and determination of efﬂuent quality
class
The percentage abundance of each ciliate species in the efﬂuent
samples collected was calculated. The association ratings were
calculated according to Curds and Cockburn (1970) on the ba-
sis of the frequency of occurrence of each ciliate in the four
BOD ranges of 0–10, 11–20, 21–30 and >30 mg/1. The fre-
quency of occurrence of each ciliate was transformed to a
number of points with a total of 10 points for each ciliate spe-
cies. The BOD range in which the highest totals occur was used
as a predicted efﬂuent quality class in the form of very high
quality, moderate quality or low quality efﬂuents (Curds and
Cockburn, 1970).3. Results and discussion
3.1. Species composition and distribution of ciliates in GBH
system
During the present investigation twenty-three ciliate protozoan
species were collected from the six deferent sites chosen along
the GBH system. All ciliates were identiﬁed to species level.The ciliates crop was represented by 3, 5, 8, 9 and 14 subphyla,
classes, subclasses, orders and families, respectively. The fam-
ilies: Spirostomidae; Stentoridae; Oxytrichidae; Amphilepti-
dae; Podophyridae; Paramecidae; Aspidiscidae; Euplotidae;
Tetrahymenidae; Uronematidae; Epistylidae; Vorticellidae
and Zoothamniidae were represented by one species in mini-
mum cases and six species in the maximum. Generally, the cil-
iates crop of the Gravel Bed Hydroponics System was
dominated by sessile forms like Vorticella while free swimming
ciliates such as Tetrahymena and the crawling ones such as
Aspidisca and Euplotes represent the minority in a competitive
relationship with the former ciliate types.
To study the distribution of ciliates in the GBH system, it is
useful to divide the ciliates crop into two different groups. The
ﬁrst group includes those species which are restricted in their
distribution pattern to either certain types of beds and/or a
deﬁnite range of Biochemical Oxygen Demand (BOD). Inspec-
tion of the data presented in Table 1, which in its turn summa-
rizes the distribution of ciliates in the system established at
Abu-Attwa, shows that, among this ﬁrst group, species such
as Litonotus fasciola and Spirostomum teres are restricted in
their distribution to the Crop Bed 2 outlet. In other words,
these ciliate species are common only in the BOD range of
11–20 mg/I. Moreover, species such as Litonotus carinatus,
Paramecium aurelia, Stentor roeseli, Vorticella elongate and
Zoothamnium mucedo were found only in the samples collected
from the outlets of Crop Beds 3 and 6 and, consequently, the
latter category of ciliates was distributed in efﬂuents in the
0–10 mg/ BOD range. On the other hand, the second group
of ciliates comprises those ciliate species which show a wide
range of distribution and were generally found in all of the
Table 1 Distribution of the ciliated protozoan species and their association ratings in the Gravel Bed Hydroponics system constructed
at the Egyptian village of Abu-Attwa.
Locality
Crop Bed 6 outlet Crop Bed 3 outlet Crop Bed 2 outlet Reed Bed 4 outlet Reed Bed 2 outlet System inlet
Ciliate species Association rate
(1) Aspidisca costata 4 4 4 2 3 1
(2) Colpidium campylum 2 2 3 2 3 3
(3) Epistylis plicatilis 0 0 4 4 2 1
(4) Euplotes eurystomus 3 3 4 4 0 0
(5) Euplotes moebiusi 3 3 4 3 1 0
(6) Litonotus carinatus 10 8 0 0 0 0
(7) Litonotus fasciola 0 0 10 0 0 0
(8) Paramecium aurelia 10 10 0 0 0 0
(9) Paramecium caudatum 3 4 5 3 0 0
(10) Podophyra carchesii 2 3 2 3 3 2
(11) Podophyra ﬁxa 0 0 2 7 1 0
(12) Spirostomum teres 0 0 10 0 0 0
(13) Stentor roeseli 10 10 0 0 0 0
(14) Stylonchia putrina 1 2 2 3 4 3
(15) Tetrahymena pyriformis 2 2 3 3 3 2
(16) Uronema nigricans 2 2 4 4 0 0
(17) Vorticella aequilata 3 3 2 3 3 3
(18) Vorticella alba 3 3 3 3 1 0
(19) Vorticella campanula 9 9 2 0 0 0
(20) Vorticella elongata 3 3 0 0 0 0
(21) Vorticella microstoma 2 2 4 2 2 1
(22) Vorticella striata 4 3 3 2 2 1
(23) Zoothamnium mucedo 10 10 0 0 0 0
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occurrence in each sample. The relative abundance of a partic-
ular group of organisms in a given habitat is often used to indi-
cate the importance of this group in the ecological structure of
that habitat. The importance of this existence of protozoan
organisms (especially ciliated ones), in the Gravel Bed Hydro-
ponics System used for sewage treatment at Abu-Attwa, can be
correlated to the following considerations. Firstly, the ability
of ciliates to feed on bacteria and thus restrict bacterial num-
bers in the sludge efﬂuent however, in the bacterial/predator
interrelationships; the presence of bacteria may not always
work in favor of the predator organism, especially when agglu-
tination occurs (Decamp andWarren, 1998; Abreu-Acosta and
Vera, 2011; Konate et al., 2013). In this case, the bacteria may
be made so completely unavailable as food for the predator
that the latter is depleted or at least reduced. In the GBH sys-
tem the presence of active swimming ciliates (e.g. Paramecium,
Uronema, Colpidium, Litonotus, Euplotes . . .etc.) and even
sessile ciliates which have active cilia like Vorticella, Epistylis,
and Zoothamium would be very useful in avoiding the aggluti-
nation process of bacteria and consequently increase the ability
of ciliates (both) to feed on bacteria and thus support an
improvement of the quality of the efﬂuent.
In the GBH system established at Abu-Attwa, the total bac-
teria number reached a very high value of 440 · 103 per ml in
comparison with the much lower value of 3 · 103 bacteria/ml
at the outlet of the system (Butler and Dewedar, 1991; Stott
et al., 1997).
Secondly, and besides their action in removing large
numbers of bacteria from the sludge and accelerating the
improvement of the quality of the efﬂuent, ciliates are ableto ﬂocculate suspended matter in the sludge efﬂuent (Baker,
1964; Curds et al., 1968). In addition they can keep dead pock-
ets along the GBH system well supplied with dissolved oxygen
as a consequence of the continuous gentle mixing induced by
the active movement of their cilia.
Thirdly, against the previous background, it is very impor-
tant to discuss the usefulness of the protozoan crop to describe
the state of health of the sewage efﬂuent puriﬁed by the Gravel
BedHydroponics system.The present study shows that the high-
est totals of 86 points were awarded to the efﬂuent of 0–10 mg/I
BOD (Table 1). This BOD range was stated by Curds andCock-
burn (1970) as a very high efﬂuent quality class. Consequently,
and judging by the results in this study, one can say that the
GBH system used has the ability to produce efﬂuent of a high
quality and thus to achieve water suitable for use in irrigation.3.2. Association ratings and estimating the saprobity levels
Table 1 shows the association ratings for all species in the cil-
iate harvest during this study. Clearly every ciliate species has
its own association rating to a deﬁnite efﬂuent quality class
from the four classes stated for the sewage efﬂuent. Further-
more, Table 2 shows the total points provided for each bed
according to that bed’s BOD content for each of the four clas-
ses of sewage efﬂuent. The highest totals of 86 points were gi-
ven to the efﬂuent of 0–10 mg/I BOD (Crop Beds 3 and 6) in
comparison with 71, 48, 28, and 17 totals recorded for the
efﬂuents of 11–20, 21–30 and >30 BOD range respectively
i.e. Crop Bed 2-, Reed Bed 4-, Reed Bed 2-, and the System
Inlet, respectively. Table 3 meanwhile, shows the saprobic
Table 2 The use of association ratings of the ciliated protozoan species to predict the efﬂuent quality class treated using the GBH
system constructed at the Egyptian village.
Locality
Crop Bed 6 outlet Crop Bed 3 outlet Crop Bed 2 outlet Reed Bed 4 outlet Reed Bed 2 outlet System inlet
BOD
BOD mg/l 7 8 11 26 35 90
BOD Range 0–10 0–10 11–20 21–30 P30 P30
Association rate
Total points 86 86 71 48 28 17
Quality class
Eﬄuent quality class Very high quality Very high quality High quality Moderate quality Low quality Low quality
Table 3 Ciliated protozoan species collected from the GBH system established at Abu-Attwa, with their saprobity level measured as
stated by the present study and/or other investigators worldwide.
Ciliate species [1] [2] [3] [4] [5] [6] [7]
Aspidisca costata a to b – meso- – b –meso- – – Oligo-to poly saprobic
Colpidium campylum – – – – – Oligo-to poly saprobic
Epistylis plicatilis b -to -a meso- a –meso- – – – a –meso to poly saprobic
Euplotes eurystomus – – – – – Oligo to b –meso saprobic
Euplotes moebiusi – – – b –meso- a –meso- Oligo-to poly saprobic
Litonotus carinatus – – – – – Oligo saprobic
Litonotus fasciola – – – a –meso- a –meso- a –meso saprobic
Paramecium aurelia – – – – – Oligo saprobic
Paramecium caudatum a –meso- Poly or a –meso- a –meso- – – Oligo to b –meso saprobic
Podophyra carchesii – – – – – a –meso saprobic
Podophyra ﬁxa – – – – – Oligo-to poly saprobic
Spirostomum teres – – – – – a –meso saprobic
Stentor roeseli – – – – – Oligo saprobic
Stylonchia putrina – – – – – Oligo-to poly saprobic
Tetrahymena pyriformis – – – – – Oligo-to poly saprobic
Uronema nigricans b –meso- -meso- Poly a –meso to -meso- – Oligo to b –meso saprobic
Vorticella aequilata – – – – b –meso to oligo- Oligo-to poly saprobic
Vorticella alba – – – b –meso to oligo- Oligo- Oligo-to poly saprobic
Vorticella campanula b –meso- b –meso- b –meso- b –meso to oligo- Oligo- Oligo-to -meso saprobic
Vorticella elongata – – – – a –meso- Oligo saprobic
Vorticella microstoma Poly- Poly or a –meso- Poly a –meso- – Oligo-to poly saprobic
Vorticella striata – – – – Oligo- Oligo-to poly saprobic
Zoothamnium mucedo – – – – – Oligo saprobic
[1] Kolkwitz and Marsson, 1908; [2] Kolkwitz and Marsson, 1909; [3] Kolkwitz, 1950; [4] Liebmann, 1951; [5] Curds, 1965; [6] Curds and
Cockburn, 1970 and [7] Present study.
254 H.A. El-Serehy et al.measurements recorded for the ciliates of the GBH system in
comparison with those in polluted rivers and in activated
sludge. From the twenty-three species recorded, seven species
occurred at a single level of saprobity, i.e.’’ Stenosaprobes’’.
From the latter, ﬁve species can be used to indicate an oligo-
saprobic condition with a BOD range of 0–10 mg/I. These oli-
gosaprobic ciliate species are L. carinatus, P. aurelia, S. roeseli,
V. elongate and Z. mucedo.
The ciliate species L. fasciola and S. teres, on the other hand,
can be classiﬁed as mesosaprobic with a BOD range of 11–
20 mg/l.Moreover, nine ciliate species from the ciliates crop col-
lected from Abu-Attwa GBH system show a ‘‘pantosaprobic’’
condition as their occurrence is associated with more than one
level of saprobity. These pantosaprobes are: Aspidisca costata,
Colpidium campylum, Euplotes moebiusi, Stylonychia putrina,
Tetrahymenapyformis,Vorticella aequilata,Vorticella alba,Vor-
ticella microstoma and Vorticella striata. On other hand, someciliate specieswere associatedwith two levels of pollution inmin-
imum cases and three levels in the maximum. These latter ciliate
species can be classiﬁed as near-pantosaprobic ciliates as they
differ from stenosaprobic ciliates in existing inmore than one le-
vel of pollution, also they differ from pantosaprobes in which
they do not occur at all levels of pollution. These near-pantosap-
robes are: Epistylis plicatilis, Euplotes eurystomus, Paramecium
caudatum, Podophyra carchesii, Podophyra ﬁxa,Uronema nigri-
cans and Vorticella campanula. The level of pollution and the
trophic state of the habitat inﬂuence the composition of ciliate
communities (Madoni, 2005).
Table 3 shows the saprobity measurements recorded for cil-
iated protozoan species in the present study. Clearly, species
which are stenosaprobic, in other words those species which
occur at a single level of saprobity like L. carinatus and L. fas-
ciola . . .etc., may be important as they, individually, may give a
good indication of the BOD range of the sludge efﬂuent. Those
Cilioprotists as biological indicators for estimating the efﬁciency of using Gravel Bed Hydroponics System 255species which tend to be in the oligosaprobic scale, for exam-
ple, indicate that the sewage is in a very good state, while those
in the polysaprobic scale, indicate that the sewage is in very
poor health. Moreover, those ciliate species like A. costata,
U. nigricans etc., which were classiﬁed as panto and near-pan-
tosaprobes, as they can occur in more than one level of sapro-
bity, may be very important as they suggest the phenomenon
of ‘‘ euryoecious ciliates’’ (i.e. those ciliates which can thrive
over a wide range of environmental conditions). Similar ﬁnd-
ings were recorded by Chen et al. (2008) and Foto et al. (2011).
4. Conclusion
This study has shown that Gravel bed hydroponics (GBH) sys-
tems constructed in Egypt provide an excellent environment for
awide range of species of ciliates, and these organisms are poten-
tially very useful on the one hand as a biological indicator for
various saprobic conditions and, on the other hand, they can
be used to estimate the efﬁciency of the system in sewage puriﬁ-
cation. Moreover, results afﬁrmed the ability of this system to
produce high quality efﬂuent with sufﬁcientmicrobial reduction
to enable the production of irrigation quality water.Acknowledgment
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